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Sun-Earth Connection (Sec) Program
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the changing Sun and its effects on the Solar System, life,
and society is one of the goals of the Sun-Earth Connection Theme.
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SEC Program Elements



Strategic Planning for SEC

Report of the NRC’s Solar and Space Physics Survey Committee, L.J.
Lanzerotti and J.L. Burch, 6 August 2002

Report to the Space Science Advisory Committee, 4 September 2002

Spring 2003



SEC Division Scientific Objectives




SEC Flight Missions

VOYAGER, ULYSSES

ACE, SOHO, and WIND

SOHO, TRACE, and RHESSI

CLUSTER, FAST, GEOTAIL, IMAGE, POLAR, and
SAMPEX

TIMED

Indicates prime mission phase



Relationship of SEC Primary Science Objectives to the STP and
LWS Strategic Programs
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Solar Terrestrial Probes (S1F) Program

— Thermosphere lonosphere Mesosphere Energetics
Dynamics (TIMED) (Launched 12/07/01 )

— Solar-B
— Solar-Terrestrial Relations Observatory (STEREO)

— Magnetospheric Multiscale (MMS)
1 e

— Global Electrodynamic Connections (GEC)
— Magnetospheric Constellation (MC)
SOLAR TERRESTHIAI. PHOBES
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SEC PROGRAM ELEMENTS

Solar Dynamics Observatory

Geospace Missions

Sentinels

Targeted Research and Technology (aka Theory Modeling and Data Analysis)

Solar Probe Mission



Living With A Star ( ) Program

—Solar Dynamics Observatory (SDO)
—Geospace Missions Network
—Sentinels




The Solar Dynamics Observatory (SDO)

First Living With a Star (LWS) Mission, part of Sun-Earth Connection theme

‘Will characterize the dynamic state of the Sun enhancing the understanding of solar
processes and space weather. Viewed as SOHO follow-on




Ciozll

Increase scientific understanding of how
the Earth’s ionosphere and
magnetosphere respond to changes due
to solar variability

FOCLS 2lfazls

 Radiation belts

— Origin and dynamics of the radiation
belts

— Evolution of the radiation belts
during magnetic storms

*lonosphere

— Effects of changes in ionizing
radiation on the ionosphere

— Variations of neutral density and
drag, plasma density and drifts,
scintillations, auroras, and winds




Giozlf
Understand the transition and evolution of eruptions and

flares from the Sun to the Earth’s magnetosphere
FOCLIS 2]

« Determine the structure and long-term climatic variations of the
ambient solar wind in the inner heliosphere

« Determine how geo-effective solar wind structures propagate and
evolve in the inner heliosphere

 Determine what solar dynamic processes are responsible for the
release of geo-effective events

 Determine how and where energetic particles are released and
accelerated

Stal’s

* Mission architecture under study with International Living With a
Star (ILWS) partners

e Launch- TBD



Objectives

Improve the engineering approach to accommodation and/or mitigation of the effects of solar
variability on spacecraft design and operations
’ | zffects from:

Goals

Apply results to advanced spacecraft subsystems and
detector and instrument systems to achieve Space Science
objectives

Leverage opportunities with Aerospace Technology
Enterprise, industry, and other agencies

Transfer capabilities to industry and other government
agencies

Engage public interest in Sun-Earth Connection science by
showing direct relevance to daily use of technology

* Implemented as missions of opportunity via cost-sharing partnerships with
various international and defense partners

« SET-1, tentatively planned to launch on DMSP in late 2005/early 2006. Formal
agreement for DMSP launch being worked

* NRA for SET experiments released by HQ
September 17; proposals received December 18

- Additional SET flights planned approximately every 2 years as funding permits



System-wide Approach

Science Application

LWS Output
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SOLAR PROBE

Content: Solar Probe (SP) is humanity’s first visit to our star
to explore the complex and time varying interplay of the Sun and
Earth which affects human activity. SP will determine where and
what physical processes heat the corona & accelerate the
solar wind to its super-sonic velocity. A combined remote
sensing and in-situ sampling from within the solar corona itself will
provide a “ground truth” never before available from
astronomical measurements made from spacecraft in the Earth’s
orbit or LaGrange points.

Relevance: 1st priority of the National Academy Space Studies
Board (2002): a "large class” mission of high importance,
providing vital contributions to NASA’s Space Science strategic
goals. The Solar Probe Mission will contribute to:

(I) Understanding and protecting our home plane, by providing
new physical insight into mechanisms linking the Sun-Earth
System.

(Il) Exploration of the universe, by characterizing and
investigating the solar system (from 4 solar radii to Jupiter’s orbit at
5 AU) near the central star, the Sun.

(Il Inspiring the next generation of explorers by completing
the reconnaissance of the solar system, via a scientifically
compelling and technically sophisticated mission. SP will discover
and communicate new knowledge, not only of cultural and
intellectual value, but also of political and economic value.

Near-Sun Trajectory

165 R
(0.8 AD)

Region of previous exploration
in ecliptic plane

+30d

02-0817R-37

Measurement Strategy

*In-situ instruments: Solar wind electron & ion composition,
magnetometer, energetic particle composition, plasma wave
sensor, & fast solar wind ion detector, dust monitor

*Characterize the solar wind within a high-speed stream

*Characterize the plasma in a closed coronal structure and probe
the sub-sonic solar wind

*Characterize the changes in the solar wind during the cruise
from Jupiter to the Sun during extreme conditions of solar
variability

*Characterize plasma waves, turbulence, and/or shocks that
cause coronal heating

*‘Remote-sensing instruments: EUV and White-light imagers
for field topology and context for in-situ observations

«Image the longitudinal structure of the white-light corona from
the poles - a viewpoint unavailable to researchers.



Cross-Divisional Flight Mission Lines

Explorer Missions target at augmentation of Code S program with
SMEX and MIDEX missions.



New Millinium Technology



SEC Explorer Missions



“#%  SEC Strategic Plan



Back up slides
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SOLAR-B

» Determine the solar origins of space weather
and global change

* Solar-B will be a comprehensive case study of
stellar magnetic fields

* New view into the magnetic dynamics of the
plasma universe

* ISAS mission with US instrument participation

 Solar-B will be launched on a Japanese MV
rocket into a 600 km circular, 97° inclination,
Sun-synchronous orbit for full-time solar
observation

27



Solar-B is targeted to understand the
dynamics and internal structure of the
magnetic flux tubes themselves, the flux
tubes that are involved in the formation,
growth and destruction of all magnetic
phenomena
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STEREO

STEREO will:

* Provide revolutionary views of the Sun-Earth system
* Trace the flow of energy and matter from the Sun to Earth

* Reveal the 3D structure of CMEs and determine their cause

 Provide unique alerts for Earth-directed CMEs

» Two identical spacecraft near
heliocentric orbits at 1 AU

- One leading the Earth

- One lagging the Earth
22 degrees/year drift from Earth orbit

e Launch in November 2005
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SOLAR PROBE

= Science AO issued in FY00. Proposals are
in. Evaluation completed.

= Three month “all solar powered” study
completed on December 5, 2000 to evaluate
mission without RTG; 1-pass solar power
mission judged to be technically feasible, 2-
pass is being studied.

* Developed mission design options
combpatible with availahle Iaiinch vehiclee



QUESTS 1 & 4: OUR MAGNETIC VARIABLE STAR

Developing Missions Future Missions

Physics of particle |
acceleration and energy
release in solar flares

Origin of solar wind
acceleration

| Exploration of the
interstellar medium

Creation and
destruction
| of solar magnetic field

Stellar dynamo action
# through the galaxy




Nearing Solar Minimum Around Solar Maximum

— Mid-term progress report August 2002

— Final study report with cost analysis
due December 2002

— Mission assigned to APL
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Dayside
Magnetopause

AO to be released
in Fall, 2002

Reconnection
Accceleration
Turbulence
Solar wind entry

Plasma sheet boundary

Current disruption

Post-cusp Magnetopause

Morthward reconnection
Reverse convection
Poynting flux entry

Magnetospheric Multiscale (VIVIS)

Reconnection structures
and dynamics

Plasma escape and motion
across boundaries
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Acceleration
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Nightside Substorm Region

Magnetotail
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Space Environment
Testbed Products

Bridge the Gap Between
Science, Engineering, &
User Application
Communities




Living With A Star, Theory, Modeling
And Data Analysis (TMDA)
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Science Community

LWS
Dual Use:
Science & Utility

STP
Science Driven

» Space Weather Network
* Applications Data

_ Analysis & Modeling
Augmentation 18 Month « Orbiting Technology

Mission Cadence Testbeds

User Community



SEC Flight Mission Programs

- Missions to characterize the integrated
Sun-Earth System behavior and identify
the critical physics that link parts of the
system

- Program Elements Include:
1) A Space Weather Research Network

2) Theory, Modeling, & Data Analysis
Program

3) Space Environment Testbeds (SETs)

'Sent_inels

Missions with focused
investigations to explore specific
scientific research questions




Living With A Star
Space Environment Testbeds (SET)
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SDO OVERVIEW

« SDO Investigations:

— Helioseismic Magnetic Imager (HMI); Pl: Phil Scherrer — Stanford; Images
the Sun’s helioseismic and magnetic fields to understand the Sun’s
interior and magnetic activity

— Solar Heliospheric Activity Research & Prediction Program (SHARPP);
Atmospheric Imaging Assembly (AlA) & Guide Telescope (GT) and White
light coronagraph (KCOR); Pl: Russ Howard — NRL; Images the corona to
link changes to surface and interior changes




The Solar Dynamics Observatory (SDO)
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